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13. Az USB tomegtarol6 eszk6zosztaly (MSC)
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Felhasznalt és ajanlott irodalom

STMicroelectronics: STM32 USB training (27 video + letolthetd anyagok)

Youtube lejatszasi lista
Letolthet6 anyagok (ZIP fajl)

STMicroelectronics: UM1734 - STM32Cube™ USB device library
Jan Axelson: USB complete (konyv)

Jan Axelson: USB Mass Storage (konyv)
USB-IF: USB 2.0 Specification

USB-IF: USB MSC specification overview
USB-IF: Mass Storage Bulk Only 1.0
ControllersTech: STM32 USB MSC

Hobbielektronika csoport 2020/2021
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https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-moocs/STM32-USB-training.html
https://www.youtube.com/playlist?list=PLnMKNibPkDnFFRBVD206EfnnHhQZI4Hxa
https://drive.google.com/open?id=1sjU9iNvh_khDZHDM9Qau03PGKwMd4u7U
https://www.st.com/content/ccc/resource/technical/document/user_manual/cf/38/e5/b5/dd/1d/4c/09/DM00108129.pdf/files/DM00108129.pdf/jcr:content/translations/en.DM00108129.pdf
http://janaxelson.com/usbc.htm
http://janaxelson.com/usbms.htm
https://www.usb.org/document-library/usb-20-specification
https://www.usb.org/sites/default/files/Mass_Storage_Specification_Overview_v1.4_2-19-2010.pdf
https://www.usb.org/sites/default/files/usbmassbulk_10.pdf
https://controllerstech.com/stm32-usb-msc/

Az USB tomegtarolo osztaly

= A tomegtarol6 osztalyba (USB MSC) azok az eszk6zok tartoznak, amelyek fajlok atvitelére
szolgalnak és (merev)lemez, CD, DVD vagy flash memoria tarolot tartalmaznak

= Windows Intéz6 alatt a tomegtarold eszkozok lemezmeghajtoként jelennek meg
= A tomegtarol6 eszkozok altalaban bulk atviteli modot haszalnak
® A Bulk Only Transfer (BOT) eszko6zok

alapvetden bulk atviteli méddal kommunikalnak, il "
miikodésitk modja két, vagy harom fokozatﬁ:/v Host DataPacket | Device
* A host egy parancsblokkot kiild az eszk6znek : i 'f
< Adatblokk(ok) kiildése vagy fogadasa (ha kell)

% Az eszkoz statuszinformaciot kiild a hostnak \‘\‘
IN V/

o < ouT L
Host Data Packet Device ] —_— i
g Host Data Packet Device Host Data Packet Device
ACK

ACK ACK
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CBW - Command Blok Wrapper

A host a parancsot egy 31 bajt hosszusagu CBW strukturaba csomagolva kiildi, melynek
formatuma az alabbi tablazatban lathato (forras: Jan Axelson — USB complete)

Name Bits Description

dCBWSignature 32 The value 43425355h, which identifies the structure as
a CBW.

dCBWTag 32 A tag that associates this CBW with the CSW the device
will send in response.

dCBWDataTransferLength 32 The number of bytes the host expects to transfer in the
data-transport stage.

bmCBWTFlags 8 Specifies the direction of the data-transport stage. Bit 7

= 0 for an OUT (host-to-device) transfer. Bit 7 = 1 for
an IN (device-to-host) transfer. All other bits are zero.
If there is no data-transport stage, bit 7 is ignored.

Reserved 4 Zero

bCBWLUN 4 For devices with multiple LUNSs, specifies the LUN the
command block is directed to. Otherwise the value is
Zero.

Reserved 3 Zero
bCBWCBLength 5 The length (1-16) of the command block in bytes
CBWCB 128 The command block for the device to execute.
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CSW - Command Status Wrapper

A statusz atvitelekor az eszkoz egy 1b bajt hosszusaga CSW strukturaba csomagolva kiildi,
melynek formatuma az alabbi tablazatban lathato (forras: Jan Axelson — USB complete)

A CBW érvényességét az eszkoznek, a CSW érvényességét pedig a hostnak kell
ellendriznie (hosszméret, signature, statusz esetén a Tag egyezése, parancs esetén hogy reset
vagy statuszjelentés utan érkezett-e)

Name Bits Description

dCBWSignature 32 The value 53425355h, which identifies the structure as a
CSW.

dCBWTag 52 The value of the dCBWTag in a CBW received from the
host.

dCSWDataResidue 32 For OUT transfers, the difference between

dCBWDataTransferLength and the number of bytes the
device processed. For IN transfers, the difference between
dCBWDataTransferLength and the number of bytes the
device sent.

bCSWStatus 8 00h = command passed
01h = command failed

02h = phase error
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STM32 USB MSC eszkoz szoftver struktaraja

Application = Alkalmazasprogramozoi interfész

USB Device Driver / Middleware

USB Device Core USB Device Class = A BOT eszkozkezelés implementalasa
-_

-_

BT = Osztalyspecifikus firmware kod

R (Middlewares\ST\STM32_USB_Device_Library\Class)

USB Nevice HAL Driver

— O 55
dCCESS

I STM32 OTG USB IP
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USB MSC device lab

"™ Az STMicroelectronics: "STM32 USB training" c. tanfolyamanak 16. videéja egy USB MSC
demoprogramot mutat be, ebbdl fogunk kiindulni és ezt fogjuk tovabbfejleszteni.

USB Mass storage Device lab

lifte.augmented

Hobbielektronika csoport 2020/2021 7 Debreceni Megtestesiilés Plébania



https://www.st.com/content/st_com/en/support/learning/stm32-education/stm32-moocs/STM32-USB-training.html
https://youtu.be/GjQqZd1keBo

INFOGRAPHICS— oo

Példaprogramok

Nucleo-F446RE kartya:

F446RE_USB_MSC — USB mass storage demé (RAM)
F446RE_USB_MSC_FRAM — USB mass storage FRAM-mal
F446RE_USB_MSC_SDIO — USB SD kartyaolvasé

Blue pill kartya:
F103_USB_MSC_FRAM — USB mass storage FRAM -mal

freepik.com
| A
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https://www.freepik.com/free-vector/interior-classroom_4452325.htm#page=1&query=blackboard&position=27

Bekoteési vazlat

Sup

ST-LINK

PA12 USB D+
PA11 USB D-

GND

e
[ | Es

N I o -.I o
-. .- -. .- scL

EElII'I o
' AVDD
I-I GND

SCK/DL3
MIS¢/Dle
PUM/MOSI/DLL
PWNM/CS/D1L0
PWM/ D9

Da

STM32F103C8: a D+ vonalat 1,5
kQ?-mal 3.3 V-ra fel kell hazni!

b7
PWM/DE

L 2
*

1 | m
L 2
L 2

1 | m
L 2
L 2
L 2

1 | m
L 2

1 | m
L 2
L 2

I | m
L 2
L 4
L 4
L 2
L 4
L 4

1 | m
*

: L 4

P P 6 6 6 0 0 0 60 0606060600090

il o . STM32F4xx: a D+
e (_’,mﬁj vonal kulsé felhtzasara
— Www.st.com/stm3idnucleo . | nincs SZUkseg!
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F446RE_USB_MSC: USB konfiguralas

= USB OTGFS = Device onl es Mass Storage Class aktlvalas kell

FPinout & Configuration

v Software Packs » Pinout

USBE_DEVICE Mode and Caonfiguration : iF Pinout view £ System view
A Mode 5
DY SLET LUTe - g
Class For HS IF |D|sa le | 2
. [
DMA Class ForFS IP |Mass Storage Class ~ | ;
GRIO
erLJIﬂ‘:i'll:]CG Configuration %
v RCC Reset Configuration
v SYS
WWDG ete i Jevice Descripto User Constants
RCC_OSC3Z_IN SYS_JTMS-SWDIO
Configure the below parameters : | fce 0Sc32 OUT USE 076 Fs DP
Analog > Q' - (CrtFF | © ® i RCC_OSC_IN USE_OTG_FS_DM
~ Basic Parameters RCC_OSC_OUT
Timers 5 USBD_MAX_MNUM_INTERFACES (Maximum number of supported interfaces) 1
USBD_MAX_MNUM_COMNFIGURATION (Maximum number of supported configuration) 1
Connectivity 5 USBD_MAX_STR_DESC_SIZ (Maximum size for the string descriptors) 512 bytes
USBD SELF POWERED (Enabled self power) Disabled
Multimedia > USBD_DEBUG_LEVEL {USBED Debug Level) 0: No debug message
USBD_LPM_EMABLED (Link Power Management) 0: Link Power Management not ...
Computing > ~ Class Parameters STM32F446RETx
MSC_MEDIA_PACKET (Media I/0 buffer Size) 512 bytes LQFPM
Middleware b
FATFS
FREERTOS
LIBJPEG
MBEDTLS i
USB_DEVICE
_| A : :
@ I a W 4o Q|
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F446RE_USB_MSC: o6rajel konfiguralas

CEC Clock Mux

RTC Clock Mux

HSI
HSE HSE_RTC — | 488 — @
— 2 — O
> To CEC (KHz)
Input frequency ) S L3SE O
mi LSE ) » To RTC (KHz) >
KHz - > 180 To Power (MHz)
LSIRC > @
HCLK to AHB bus, core,
- » To IWDG (KHz) ® 180 |memory and DMA (MHz)
32 KHz
System Clock Mux /1 R e 180 To Cortex System timer (MHz)
HSIRC HSE I
» O > 180 FCLK Cortex clock (MHz)
E— HSE SYSCLK (MHz) AHB Prescaler  HCLK (MHz)
16 MHz N > O APB1 Prescaler
PCLEA1 :
PLLCLHK @ - 180 —p 1 Nl 180 - 4 45 APB1 peripheral clocks (MHz)
- 45 MHz max
PLLR 180 MHz max
PLL Source Mux — - O — x2 - an APB1 Timer clocks (MHz)
HSI ',// APBZ Prescaler
— O PLLM PCLKZ :
= < L an APB2 peripheral clocks (MHz)
Input frequency HsE 2 ~ ¥180 ~ |2 PLLASCLK Mux 90 MHz max
-—»Eli HSE (e—» @® *N P PLLO wo (™ 180 APB2 timer clocks (MHz)
1-50 MHz ‘2 T > O
T e e - 48 To USB (MHz)
- /2 PLLSAIP @ SAI1 Clock Mux
R 25_CKIN |\
—» O
PLLSAIM PLLSAIP PLLR
* Ll O]
| L]
f4 v Xo6 i4 48 PLLIZS0 - To SAI1 (MHz)
*N P — O
PLLSAIC
I i1 L - @ SDIO Clock Mux
(o] / Sysclk [\\
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F446RE_USB_MSC: projekt konfiguralas

" A Minimum Heap Size
paraméter értékét meg kell
novelni, 0x2000 elegendé lesz

Hobbielektronika csoport 2020/2021

Froject

Code Generator

Advanced Settings

Pinout & Caonfiguration

+Project Settings

Clock Configuration

Project Name

F446RE_USB_MSC

Project Location

|C:‘LST‘LHE2[]2 "Lab13

Application Structure

Advanced

Toolchain Folder Location

[] Do not generate the main()

Toolchain £ 1DE
STM32CubelDE

¢Linker Settings
Minimum Heap Size 02000

Minimum Stack Size |UX4EIEI

+Mecu and Firmware Package
Mcu Reference

STM32F446RETx

Firmware FPackage Mame and Version

STM32Cube FW_F4 V1.25.2

Use latest available version
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F446RE_USB_MSC: usbd_storage_if.c modositasa

Kodgeneralas utan csak az usbd_storage_1f. c forrasallomanyt kell médositani. Az
alabbiakban az STM32 USB training - 09.8 USB MSC device labs utmutatasat kovetjiik:

A fajl elején moédositjuk a blokkok szamat és létrehozzuk a RAM buftert

#define STORAGE_LUN_NBR 1
#define STORAGE_BLK_NBR Ox80 //-—— Modified!!!
#define STORAGE_BLK_SIZ 0x200

/* USER CODE BEGIN PRIVATE_DEFINES */
uint8_t buffer [STORAGE_BLK_NBR*STORAGE_BLK_SIZ]; //——— User data will be stored here
/* USER CODE END PRIVATE_DEFINES x/

Az interfész figgvények koziil a STORAGE_Read_FS() és a STORAGE_Write_FS()
figgvényeket kell atszabni

static int8_t STORAGE_Init_FS(uint8_t lun);

static int8_t STORAGE_GetCapacity_FS(uint8_t lun, uint32_t *block_num, uintl6_t *block_size);
static int8_t STORAGE_IsReady_FS(uint8_t lun);

static int8_t STORAGE_IsWriteProtected_FS(uint8_t 1lun);

static int8_t STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len);
static int8_t STORAGE_Write_FS(uint8_t lun, uint8_t xbuf, uint32_t blk_addr, uintl6_t blk_len);
static int8_t STORAGE_GetMaxLun_FS(void);

13 Debreceni Megtestesiilés Plébania
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https://youtu.be/GjQqZd1keBo

F446RE_USB_MSC: usbd_storage_if.c modositasa

int8_t STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_1len)
{

/* USER CODE BEGIN 6 x/

memcpy (buf, &buffer[blk_addr*STORAGE_BLK_SIZ],blk_len*STORAGE_BLK_SIZ); //--- copy data from RAM
return (USBD_OK) ;

/* USER CODE END 6 x/
}

A cim és a méret megadasa blokk egységekben torténik (512 bajt), ezért a tényleges cim
és méret kiszamitasahoz a blokkmérettel be kell szoroznunk.

Az USB kapcsolaton érkez6 lekérések csak blokkok elévételét vagy eltarolasat kérik,
firmware szinten ennyibdl 4ll a ,,tomegtarold” igény kiszolgalasa

int8_t STORAGE_Write_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_1len)
{
/* USER CODE BEGIN 7 x/

memcpy (&buffer[blk_addr*STORAGE_BLK_SIZ], buf, blk_len*STORAGE_BLK_SIZ); //--- copy data to RAM
return (USBD_OK)
/* USER CODE END 7 x/

}
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F446RE_USB_MSC: futasi eredmény

= A fépogramon (main.c) = Microsoft Windows X Format USB Drive (D9 X
kivéetelesen semmit sem You need to format the disk in drive D: before e
valtoztatunk you can use it 64 kB v
Do you want to format it? File system
= Forditas/programletoltés FAT (Default) v
, . e P , Format disk Cancel
utan az els6 inditasnal Allocation unit size

512 bytes o

formazni kell az eszkozt

Restore device defaults

= Formazas utan az Uj meghajtoé is hasznalhaté, de:

"y ,oe , Volume label
“* A kapacitasa rendkiviil korlatozott adick
% A tartalmat minden kikapcsolaskor vagy uUjrainditaskor elfelejti Format options
Quick Format

= Miutan oroszlankérmeinket kiprébaltunk, nézziink valami
hasznosabb alkalmazast, nem felejt6 tarolokkal!

Start Close
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FRAM: ferroeletromos memoria

= Azokat az anyagokat nevezziik ferroelektromosnak, amelyek spontan elektromos polarizaciéval
rendelkeznek, melynek iranya kiilsé elektromos mez6 hatasara megvaltoztathaté.

Pb(Zr,Ti, )O,
(Lead-Zirkonate-Titanate, PZT) P‘

P
O TilZr(+), mobile z
O oo

E
I = F
Pb
= P
Word line
| I Ps - spontadn polarizacié
Bit line 1T1C Pr - remanens polarizdcié
Memory cell Ek - koercitiv villamos térerdsség
Plate line

Hobbielektronika csoport 2020/2021 Debreceni Megtestesiilés Plébania



Mikrovezerlok FRAM memoriaval

A Texas Instruments MSP430FRxxxx jelzésti mikrovezérl6i FRAM programtarold
memoriaval vannak ellatva (a képen az MSP430FR5994 mikrovezérlvel szerelt

LaunchPad fejleszt6i kartya lathato)
A FRAM memoria elényei

kis fogyasztas

gyors mikodés

sokszori Ujrairhatosag

adatgyjtésre is hasznalhat6

Hobbielektronika csoport 2020/2021 Debreceni Megtestesiilés Plébania



FRAM: ferroeletromos memoria

2008-2009 koriill a RAMTRON nevi cég volt az éllovasa a FRAM
memoria fejlesztésének, akkori cstucstermékiik 1 Mbit (128kx8)

kapacitasu memoria volt, amelyet parhuzamos (FM28V100),
SPI (FM25V10) és I12C (FM24V10) interfésszel lehetett kapni

Mi most az FM24V 10 tipust hasznaljuk fel USB MSC tarként

P

Specifications FRAM SRAM EEPROM Flash
Megjegyzés:

Non-volatile Yes No Yes Yes A RAMTRON céget
2015-ben

Write speed (13 KB) <10ms <10ms 2 secs 1 sec felvdsdrolta a

: Cypress Semi

Average active Power (WA/MHZz) 100 <60 50,000+ 230 amelyet 2019-ben

Write endurance 1[}'15 Unlimited 100,000 10,000 felvasarolta az
Infineon

Bit-wise programmable Yes Yes No No

Unified Memory Yes No No No
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FRAM: FM24V10

1-Mbit F-RAM (128K x 8)

MSB
1014 gjrairhatosag,
i o, 1 0 1 0 | A2 | A1 |Al16
151 év adatmegOrzés, :
késleltetés nélkiili iras \ e |D4/\Dewce ]/ Page
Select select

Tapfesziltség: 2.0 - 3.6 V
[2C illeszt6: 100/400 kbit/s, vagy 3.4 Mbit/s (aktiv mod)

Alacsony aramfelvétel: 175 yA @ 100 kHz,
90 YA standby, 5 pA alvo allapotban

Ipari kategoria: —40 °C — 85 °C

By F-RAM >

*

+

Acknowledge

Egy adatbajt irasa -
t
. > Stjrt i Address & Data B
LT b T T T T 11 T T T 1T 171 o
S | Slave Address S A Address MSB A Address LSB Data Byte AP
I I I O T I T I B N N B
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F446RE_USB_MSC_FRAM: Kapcsolasi vazlat

NC[]1 O 8 [JVpp
AT[]2 FM24V10 7 []JwP
A2 []3 6 ] scL

Vgg []4 5 [ sDA

2 x 2k2

FRAM NUCLEO

SDA - PB9 (SDA)
SCL - PBS8 (SCL)
VDD - 3,3V
GND - GND

Hobbielektronika csoport 2020/2021
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F446RE_USB_MSC_FRAM: 12C konfiguralas

= A projekt létrehozasa és konfiguralasa ugyanugy torténik, mint az el6z6 programnal, csak
ki kell egészitenlink az I2C1 csatorna konfiguralasaval

= Mivel nem az alapértelmezett 12C kivezetéseket hasznaljuk
ezért el6szor a PB9 kivezetést allitjuk 12C1_SDA moddba

3

= Ezutan a PB8 kivezetést allitjuk 12C1_SCL modba ‘g %

& B &

= Ezt kovet6en konfiguralhatjuk az 12C1 kommunikacios ARFRRWAERPEEP
csatornat = AT p

DAC_EXTI9

= DCMI_D7 =
RCC_OSC32_0UT [ekk 2C1_SDA DN usB_OTG_FS_DP

RCC_OSC32_IN |EeNE PA13 SYS_JTMS-SWDIO

rec_osc_in [ 1282 WS Z000| UsSB_OTG_FS_DM

RCC_OSC_oUT |ERES SAIM_FS_B L PA1D

= SDIO_D5 o

SPI2_NSS

PCO PAS

TIM11_CHA1
TIM2_CH2
[PV TiM4_CH4 IZEH
PC3 GPIO_Input

WSSA

PC1 PCE

GPID_Analog
WDDA -

EVENTOUT M aladiZ
PAD GPIO_EXTI9

PA1
PAZ

ra
o | | < |
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F446RE_USB_MSC_FRAM: 12C konfiguralas

Finout & Canfiguration Clock Caonfiguration Project Manager

v Software Packs » Pinout

[2C1 Mode and Configuration i Pinout view == System view
3
System Core > 2c ||2C ) V| %
s
5 :
(. 2
Analog > c o 2
Timers ’ Configuration E %
Connectivity e Reset Configuration
o @ NVIC Settings & DMA Settings @ GPIO Settings —— Svs JTHS.SWDIO
@ CAN1 & Parameter Settings @ User Constants - - - )
CANZ RCC_OSC32_ouT USB_OTG_FS_DP
FIMPI2CA Configure the below parameters - RCC_OSC_IN USE_OT&_FS_DM
Q| - tHF | © ® RCC_OSC_OUT
12C2 ~ Master Features
gSiDSF‘I 12C Speed Mode Fast Mode
SDIO 12C Clock Speed (Hz) 400000
SP| Fast Mode Duty Cycle Duty cycle Tlow/Thigh = 2
Sp|2 ~ Slave Features
SPI3 Clock Mo Stretch Mode Disabled
LART4 Primary Address Length selection T-bit STM32F446RETx
UARTS Dual Address Acknowledged Disabled LQFP64
USART1 Primary slave address 0 :
USARTZ General Call address detection Disabled
USART3
USARTE
- = g
VESE_SE_E AEEE I REHBEEEREEEREE
- G

Hobbielektronika csoport 2020/2021 Debreceni Megtestesiilés Plébania



F446RE_USB_MSC_FRAM: usbd_storage_if.c modositasa

= Koédgeneralas utan csak az usbd_storage_1f. c forrasallomanyt kell médositani.

= A fajl elején modositjuk a blokkok szamat és megadjuk az 12C elérését

#define STORAGE_LUN_NBR 1

#define STORAGE_BLK_NBR 0x100 //——— 256 blokk

#define STORAGE_BLK_SIZ 0x200 //-—— blokkonként 512 bajt

/* USER CODE BEGIN PRIVATE_DEFINES x/

extern I2C_HandleTypeDef hi2cl; //—-—— I2C handle

#define I2C_ADDR Ox50 //—-—— I2C address (right aligned)

/* USER CODE END PRIVATE_DEFINES x/

= Az interfész fliggvények koziil most is csak a STORAGE_Read_FS() és a STORAGE_Write_FS()
figgvényeket kell atszabni

static int8_t
static int8_t
static int8_t
static int8_t

STORAGE_Init_FS(uint8_t lun);

STORAGE_GetCapacity_FS(uint8_t lun, uint32_t *block_num, uintl6_t *block_size);
STORAGE_IsReady_FS(uint8_t 1lun);

STORAGE_IsWriteProtected_FS(uint8_t lun);

static int8_t
static int8_t

STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len);
STORAGE_Write_FS(uint8_t 1lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_1len);

static int8_t

Hobbielektronika csoport 2020/2021

STORAGE_GetMaxLun_FS(void);
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F446RE_USB_MSC_FRAM: usbd_storage_if.c modositasa

int8_t STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len) {
uint32_t t_addr = blk_addr*STORAGE_BLK_SIZ;
uintlé_t t_len = blk_len * STORAGE_BLK_SIZ;
uintl6_t memaddr = t_addr & OxFFFF; // memaddr is the lower 16 bit part (A15..A0)
uintl6_t devaddr (0x50<<1) | ((t_addr>>15) & 2); // Combine I2C address with A16 address bit
if(HAL_I2C_Mem_Read(&hi2cl, devaddr, memaddr, 2, buf, t_len, 100 ) == HAL_OK) return (USBD_OK);
else return (USBD_FAIL);

A cim és a méret megadasa blokk egységekben torténik (512 bajt), ezért a tényleges cim
és méret kiszamitasdhoz a blokkmérettel be kell szoroznunk.

Az USB kapcsolaton érkezé lekérések csak blokkok elovételét vagy eltarolasat kérik, firmware
szinten ennyibdl all a ,tomegtarold” igény kiszolgalasa

int8_t STORAGE_Write_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len) {
uint32_t t_addr = blk_addr*STORAGE_BLK_SIZ;
uintle_t t_len = blk_len * STORAGE_BLK_SIZ;
uintl6é_t memaddr = t_addr & OxFFFF} // memaddr -is the lower 16 bit part (A15..A0)
uintlé_t devaddr (0x50<<1) | ((t_addr>>15) & 2); // Combine I2C address with A16 address bit
if(HAL_I2C_Mem_Write(&hi2cl, devaddr, memaddr, 2, buf, t_len, 100 ) == HAL_OK) return (USBD_OK);
else return (USBD_FAIL);
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F446RE_USB_MSC_FRAM: futasi eredmény
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F103 USB MSC FRAM: bekoteési vazlat

Az FRAM memorian alapulé USB tomegtarol6 eszkozt a ,Blue Pill” kartyaval
(STM32F103C8 mikrovezérld) is megépithetjiik

A kiilénbség csupan annyi, hogy most az I2C2 csatornat valasztottuk (6nkényesen)

Az I12C cim itt is 0x50 (+ A16)

NC[]1 O 8 [JVpp
A[]2 FM24V10 7 []wpP

nnnnn

A2 L3 6 [ scL ; © © 3.0 £ 91081 BOA? A AS A4A3A2 Al ADCISC14C13UB

. ' = - s DTAIRNT : S
Vgg []4 S [C] SDA <%, B N S
7 O g
» - el ol AL il 1K W N n j' i »E R E RN
SDA - PB11 81281 3, 981 5RBAAL DA 1) ZA1 56364 B5 B BZBEBIBUG J. AR R R R ™
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F103_USB_MSC_FRAM: 12C2 konfiguralasa

Finout & Configuration @ Clock Configuration ‘ Froject Manager

v Software Packs v Pinout

[2C2 Mode and Configuration 4 {0F Pinout view

egorie
Categories \ E
System Core > .ﬁ ¢ - EI
Analog by G
T
Timers > d
Connectivity b
. NVIC S @ DMA Settings GPIC Settings REC_0SC32_IN SYS_JTMS-SWDIO
CAN @ Parameter Settings ser Constants RCC_OSC32_0UT USBE_DP
e ] © © @ | roooscow
Sp|2 ~ Master Features
LSARTY 12C Speed Mode Fast Mode
USART?2 12C Clock Speed (Hz) 400000 STM32F103C8Tx
@ USART3 Fast Mode Duty Cycle Duty cycle Tlow/Thigh = 2 LQFP48
v USB v Slave Features
Clock Mo Stretch Mode Disabled
Primary Address Length selection T-bit o = E
Computing > Dual Address Acknowledged Disabled oo [l
Primary slave address 0
Middleware 2 General Call address detection Disabled )

2C2 SDA

[2C2_SCL
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F103_USB_MSC_FRAM: USB konfiguralas

Finout & Configuration @ Clock Caonfiguration

v Software Packs

Q - {_‘5} LUSB DEVICE Mode and Configuration :
Categories | A->2
System Core 5 Class For F5 IP [Mass Storage Class v
Analog >
Timers >

Connectivity 3 Reset Configuration

& Farameter Settings | @ Device Descriptor | @ User Constants

Computing g |C|:|nﬁgure the below parameters :
Middleware A Q|Search (CritF © ® i
N ~ Basic Parameters
FATES USBD _MAX_NUM_INTERFACES (Maximum number of supported interfaces) 1
FREERTOS USBD MAX NUM_CONFIGURATION (Maximum number of supported configuration) 1
USBD MAX STR_DESC SIZ (Maximum size for the string descriptors) 512 bytes
USBD _SELF_POWERED (Enabled self power) Disabled
USBD DEBUG _LEVEL (USBD Debug Level) 0: Mo debug message
~ Class Parameters
MSC_MEDIA_PACKET (Media /O buffer Size) 512 bytes
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F103_USB_MSC_FRAM: 6rajelek konfiguralasa

RTC Clock Mux
HSE HSE_RTC
— 128 (\)\
Input frequency
i LSE e O —» To RTC (KHz)
LSIRC
KHz LSl
o -
40 KHz /
= To IWDG (KHz)
> 72 HCLK to AHB bus, core,
memory and DMA (MHz)
> 8 To FLITFCLK {MHz)
" v — - 72 To Cortex System timer (MHz)
System Clock Mux
HSIRC ~
HS! NS 72 FCLK (MHz
SYSCLK (MHz) AHB Prescaler HCLK (MHz) APB1 Prescaler
8 MHz HSE PCLKA1
M @) —% 72 | /1 g 72 - (2 v e ! 26 APB1 peripheral clocks (MHz)
il \l'l m K
72 MHz max [
PLLCLK X2 — | 72 APB1 Timer clocks (MHz)
Enable CSS
RS APB2 Prescaler
PLL Source Mux PCLK?2
| /1 ~ 72 APB2 peripheral clocks (MHz)
HEl 72 MHz max
0 12 | o USB Prescaler
O — W — 72 APB2 timer clocks (MHz)
Input frequency heE 8 — X9 ~|—®—| /15 ~—™ 48 To USB (MHz)
-‘4_: HSE /1 ¥ @ ADC Prescaler
PLL /2 - To ADC1,2
4-16 MHz
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F103_USB_MSC_FRAM: usbd_storage_if.c modositasa

= Koédgeneralas utan csak az usbd_storage_1f. c forrasallomanyt kell médositani.

= A fajl elején modositjuk a blokkok szamat és megadjuk az 12C elérését

#define STORAGE_LUN_NBR 1

#define STORAGE_BLK_NBR 0x100 //——— 256 blokk

#define STORAGE_BLK_SIZ 0x200 //-—— blokkonként 512 bajt

/* USER CODE BEGIN PRIVATE_DEFINES x/

extern I2C_HandleTypeDef hi2c2; //—-—— I2C2 handle

#define I2C_ADDR - Ox50 //—-—— I2C address (right aligned)

/* USER CODE END PRIVATE_DEFINES x/

= Az interfész fliggvények koziil most is csak a STORAGE_Read_FS() és a STORAGE_Write_FS()
figgvényeket kell atszabni

static int8_t
static int8_t
static int8_t
static int8_t

STORAGE_Init_FS(uint8_t lun);

STORAGE_GetCapacity_FS(uint8_t lun, uint32_t *block_num, uintl6_t *block_size);
STORAGE_IsReady_FS(uint8_t 1lun);

STORAGE_IsWriteProtected_FS(uint8_t lun);

static int8_t
static int8_t

STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len);
STORAGE_Write_FS(uint8_t 1lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_1len);

static int8_t
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STORAGE_GetMaxLun_FS(void);

30 Debreceni Megtestesiilés Plébania




F103_USB_MSC_FRAM: usbd_storage_if.c modositasa

int8_t STORAGE_Read_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len) {
uint32_t t_addr = blk_addr*STORAGE_BLK_SIZ;
uintlé_t t_len = blk_len * STORAGE_BLK_SIZ;
uintl6_t memaddr = t_addr & OxFFFF; // memaddr is the lower 16 bit part (A15..A0)
uintl6_t devaddr (0x50<<1) | ((t_addr>>15) & 2); // Combine I2C address with A16 address bit

if(HAL_I2C_Mem_Read(&hi2c2, devaddr, memaddr, 2, buf, t_len, 100 ) == HAL_OK) return (USBD_OK);
else return (USBD_FAIL);

A cim és a méret megadasa blokk egységekben torténik (512 bajt), ezért a tényleges cim
és méret kiszamitasdhoz a blokkmérettel be kell szoroznunk.

Az USB kapcsolaton érkezé lekérések csak blokkok elovételét vagy eltarolasat kérik, firmware
szinten ennyibdl all a ,tomegtarold” igény kiszolgalasa

int8_t STORAGE_Write_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len) {
uint32_t t_addr = blk_addr*STORAGE_BLK_SIZ;
uintle_t t_len = blk_len * STORAGE_BLK_SIZ;
uintl6é_t memaddr = t_addr & OxFFFF} // memaddr -is the lower 16 bit part (A15..A0)
uintlé_t devaddr (0x50<<1) | ((t_addr>>15) & 2); // Combine I2C address with A16 address bit
if(HAL_I2C_Mem_Write(&hi2c2, devaddr, memaddr, 2, buf, t_len, 100 ) == HAL_OK) return (USBD_OK);
else return (USBD_FAIL);
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F103_USB_MSC_FRAM: futasi eredmény

Format USB Drive (D)
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F446RE_USB_MSC_SDIO: kapcsolasi elrendezés

= Egy 1.8” TFT kijelzé modul hatuljan talalhat6é SD kartya foglalatot hasznalunk fel

® A rendelkezésre allo kivezetések
csak az 1-bites mod hasznalatat
teszik lehetévé (SPI vagy SDIO)

" A beépitett jelszintillesztés miatt
a jelszint akar 3,3V, akar 5V is lehet

= A tapfesziiltség atkotéssel valaszthato

SD breakout Nucleo-F446RE
SCLK SDIO_CK PC12
MOSI SDIO_CMD PD2
MISO SDIO_DO PC8
VCC VCC 5V
GND GND GND

Hobbielektronika csoport 2020/2021 Debreceni Megtestesiilés Plébania



Secure Digital (SD) kartyak
A Secure Digital Memory Card de facto szabvany a hordozhat6 eszk6zok memoriakartyai kozil

Meghajthaté SPI médban, illetve 1, vagy 4 adatvonalas SDIO médban (az STM32F446RE
mikrovezérlé rendelkezik SDIO perifériaval is), az adatok 512 bajtos blokkokba vannak szervezve

YDD3v

SDC i
No| SD SPI R61/ R62/ R63/ R64/ RE5/ RE6 i
ATKD 4TKS 4TKD> 47K> 47K > 47K o o ef oo
8 |DAT1 $ $ B A
7 |DATO| DO 7 e
6 Vss2 z222
5| CLK |SCLK PB15 —-— . REL o sn 2R 21 ncD
; Vccl PCY —y RE8 A a ~_22R W e /
> CM}ZSS T PC3 — RE3 A2 7] paTo
e R70 27R .
1 |CAT3| Cs PC12 > e CLK
9 DATZ2 4 4 oD
B yss
Wi — RT1 A o 22R W - \
Mcu E CARD PC11 > RE2 a8 2| CDIDAT3
RPU——] PC10 — RI3 a2 1 pat2 = ey
GPIO — CS EI g%
SCLKF— SCLK €33 _ |+ . a4
. — oM —  TFCARD ==
SPI :"': %Eé! # g!j 1l]uF.‘1E‘u"#"‘H 100nF 3
¥ 4
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Secure Digital (SD) kartyak jelolései
A kartya jelolései kozlik a kartya kapacitasat, tipusat/kategoriajat, a maximalis olvasasi és
a minimalis irasi sebességet

SD: max. 2 GB, SD HC: max 32 GB (high capacity), SD XC: max 2 TB (extended capacity)

Max. olvasasi sebesség

] maxell § = AKartya tipusa (SD HC)

X-series @ | = UHS kategoria (itt: UHS-])
- = : SD sebességosztaly (6 MB/s)

UHS sebességosztaly (itt nincs)
= Kartya kapacitasa (itt 4GB)
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F446RE_USB_MSC_SDIO: GPIO konfiguralas

= A projekt konfiguralasat ugyanugy

=
csinaljuk, mint az elsé (F446RE_USB_MSC) . :
mintapéldanal 2 8 ]
o
= Tobbletként csak az SDIO periféria : Al oo siac B
konfiguralasa sziikséges 2c250A
. , RCC_0OSC32_IM " SP13 1OS| Al3 SYS_JTMS-SWDI0
= Mivel nem az alapértelmezett SDIO_CK = recosca or (IS ors v (MEAER vse_ore._rs_op
. ’ s ” . RCC_OSC_IN USART3_CK USB_OTG_FS_DM
kivezetést hasznaljuk, el6szor a PC8, PC12 . ... .- 8 GPO It

és PD2 kivezetéseket konfiguraljuk GPI0 g

GPIO_EXTI2
= A kivezetések utan engedélyezziik és ' ’ B o000

konfiguraljuk az SDIO perifériat SD 1-bit
sdban! STM32F446RETx
oabatt: LQFP64
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F446RE_USB_MSC_SDIO: SDIO konfiguralas

N AZ SDIO periféria SD 1_bit Pinout & Configuration Clock Caonfiguration
. r 17 s 11702 2 , e v Software Packs
izemmodjanak beallitasan kiviil

’ , . SDIO Mede and Configuration :
fontos parameéter az orajel
frekvenciaja lasd a kovetkez6 lapon) = sysemcoe > Mode [SD 1 bi v
= Emellett be kell allitanunk az SDIO Anlog >
bemend oOrajelének leosztasi aranyat | imers > Configuration
is (az Abran lathat6 leosztasi arany Comectity
’ ’ ’ ’ . @ MNVIC Settings & DMA Settings
pI‘ObalgataS eredmenye - ezzel CANT & Farameter Settings @ User Constants
1kodo CAN2 Conbigure the bolow pacametees: =~ 00 ]
muikodott a program...) Al ot o .
[2C1

SDIOCLK 1202 ~ SDIO parameters
SDIO CK fre uency = [2C3 Clock transition on which the bit cap._.. Rising transition
- q Y CLKDIV +2 QUADSPI SDIO Clock divider bypass Disable
SDIO SDIO Clock output enable when the __. Disable the power save for the clock
SPN SDIO hardware flow control The hardware control flow is disabled

. SPI2 SDIOCLK clock divide factor
esetunkben : SPI3
UART4

SDIOCLK = 48 MHz @ usets
USART2
USART3
USARTE

v USB_OTG_FS
USB_OTG_HS
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CEC Clock Mux
RTC Clock Mux
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— | /488 —-@W
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PLLCLK ® — - 180 —“‘FI i1 w |—D~ 180 45 APB1 peripheral clocks (MHz)
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PLL Source Mux > O X9 = an AFPB1 Timer clocks (MHz)

f
HSI /z"’ APBZ Prescaler
— PLLM PCLKZ
O - an APB2Z peripheral clocks (MHz)
Input frequency 14 L |—|_'?('18|:I PLLABCLK Mux 50 MHz max
-_» 'N

T
CH HSE
|_J']. HSE > @ FLLC [ K2 Las 180 APB2Z timer clocks (MHz)
A - OW
1-50 MHz
- 48 To USE [MHz)
PLLSAIP @ SAI1 Clock Mux
PLL Lo
125_CKIN \‘\.\
—| ()
FLLSAIM FLLSAIF FLLR
= O
_| 4 ~ H K96~ /4 VI‘ 48 PLLIZSQ > To SAI [MHz)
- P —» O
5 |_| 1 i F'-'-E*-':F ® SDIO Clock Musx
= // Sysclk N
PLLSAI SAI2 Clock Mux @)
To SDIC (MHz}
- PLLIZSP PLLSRC "\\ PLLASCLE 48
.
— —— (@)
116 ~[T[x192 v /2 H PLLF
N P — 0
PLLIZSO - To SAI2Z (MHz)
125 _APB1 Clock Mux - D
im] Fo | = =N
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F446RE_USB_MSC_SDIO: usbd_storage_if.c modositasa

= Kodgeneralas utan csak az usbd_storage_1f. c forrasallomanyt kell médositani,
ezuttal a ControllersTech: STM32 USB MSC cikk utmutatasat kovetjik

#define STORAGE_LUN_NBR 1
#define STORAGE_BLK_NBR 0x10000 //——— Don't care (not used)
#define STORAGE_BLK_SIZ 0x200

/* USER CODE BEGIN PRIVATE_DEFINES x/
extern SD_HandleTypeDef hsd; //——— SDIO handle
/* USER CODE END PRIVATE_DEFINES */

= Az interfész fiiggvények koziil STORAGE_Read_FS() és STORAGE_Write_FS()
mellett a STORAGE _GetCapacity_FS() fuggvénytis at kell szabni

static int8_t STORAGE_Init_FS(uint8_t lun);

static int8_t STORAGE_GetCapacity_FS(uint8_t lun, uint32_t *block_num, uintl6_t *block_size);
static 1nt8_t STORAGE_IsReady_FS(uint8_t lun);

static int8_t STORAGE_IsWriteProtected_FS(uint8_t 1lun);

static int8_t STORAGE_Read_FS(uint8_t lun, uint8_t xbuf, uint32_t blk_addr, uintl6_t blk_1len);
static int8_t STORAGE_Write_FS(uint8_t lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_1len);
static int8_t STORAGE_GetMaxLun_FS(void);
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https://controllerstech.com/stm32-usb-msc/

F446RE_USB_MSC_SDIO: usbd_storage_if.c modositasa

int8_t STORAGE_GetCapacity_FS(uint8_t lun, uint32_t *block_num, uintl6_t *block_size) {
HAL_SD_CardInfoTypeDef -1info;

HAL_SD_GetCardInfo(&hsd, &info); //——— Read number and size of data blocks from the card
xblock_num = -info.LogBlockNbr - 1;

xblock_size = info.LogBlockSize;

ret = USBD_OK;

int8_t STORAGE_Read_FS(uint8_t 1lun, uint8_t *buf, uint32_t blk_addr, uintl6_t blk_len) {
HAL_SD_ReadBlocks(&hsd, buf, blk_addr, blk_len, HAL_MAX_DELAY);
/* Wait until SD card 1is ready to use for new operation *x/
while (HAL_SD_GetCardState(&hsd) != HAL_SD_CARD_TRANSFER){}
return (USBD_OK)

int8_t STORAGE_Write_FS(uint8_t lun, uint8_t xbuf, uint32_t blk_addr, uintli6_t blk_len) {
HAL_SD_WriteBlocks(&hsd, buf, blk_addr, blk_len, HAL_MAX_DELAY)
/* Wait until SD card is ready to use for new operation */
while (HAL_SD_GetCardState(&hsd) != HAL_SD_CARD_TRANSFER){}
return (USBD_OK)
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F446RE_USB_MSC_SDIO: futasi

eredmény
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= 10% complete

Copying 1 item from Hobby to USE Drive (D:)
10% complete

Speed: 355 KB/s

Mame: keil19_18_tw.mp4
Time remaining: About 1 hour and 30 minutes
Items remaining: 1 {904 ME)

@ Fewer details
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NUCLEO-F446RE kivezetések

NUCLEO-F446RE

CN7 CN6 CN5 CN10
PC10 PC11 e C9 PC8
PC12 PD2 L PC6
VDD E5V W PC5
BOOTO GND s UsV
NC NC  NC o NC
NC IOREF IOREF s PA12 —— D+
PA13 RESET RESET . PAN ——
PA14 +3V3  +3V3 = PB12
PA15 +5V 45V s NC
GND GND GND = GND
PB7 GND GND PB2
PC13 VIN  VIN D7 PB1
PC14 NC D6 PB15
PC15 PAO AO D5 PB14
PHO PA1T A1 D4 PB13
PH1 PA4A A2 D3 AGND
VBAT PBO A3 D2 PC4
PC2 PC1 A4 D1 NC
PC3 PCO A5 DO NC
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L EGEND THE GENERIC

g &
g STM32F103
% PINOUT DIAGRAM
PHYSICAL PIN o o
| PIN NAME ) o o
CONTROL e o
11
- - , 'NSS2 |—{smBAI2}—{PB12}{25] - GND
[‘ :?;C 'SCK2 | rPBl3 E ‘ GND
\ @
{ Can B0 ' cors {ae|— [Of (7 |-4irs){RESEREDT
USB = o = e :
s Lco jime 88 —-l% b = TECCE .
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Meax +20mA per pin, ® o/ 2 Hpc13 TAMPER RTC } PC13LED |
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